OBJECTIVE: To evaluate the effect on intubation success of different bent lengths of a lightwand (a malleable illuminating stylet used for intubation), based on the patient's thyroid prominence-tomandibular angle distance (TMD), thyroid prominence-to-incisor distance (TID) and gender. METHODS: This prospective, randomized, blinded study included patients undergoing elective surgery. In group A, the bent length was determined based on the patient's gender. In groups B and C, the bent length was calculated according to the patient's TMD or TID, respectively. Intubation success rate, time required for intubation, haemodynamics and complications postintubation were documented. RESULTS: A total of 246 patients were recruited and randomly assigned to one of the study groups. There were no significant differences in number of intubation attempts and success rate among the three groups. The mean time required for intubation was significantly shorter in group A than in the other groups.
Introduction
Tracheal intubation is traditionally performed by direct vision using a laryngoscope. Occasionally, even in experienced hands, intubation by direct vision can be difficult or impossible to perform. Several alternative intubating techniques have been developed; 1 -7 intubation using a lit stylet (lightwand) is one such technique. 8 A lightwand is a malleable illuminating stylet that is used to aid intubation; it consists of a semiflexible wand and a battery handle (Fig. 1A) . The distal end of the wand has a bright light bulb. The lightwand is placed inside an endotracheal tube (ETT) during intubation, so that the bulb of the lightwand produces an intense light at the tip of the ETT (Fig. 1B) . The lightwand uses the principle of transillumination of the soft tissues of the anterior neck to guide the tip of the ETT into the trachea. 8, 9 When the tip of J Chen, W Luo, E Wang et al.
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the lightwand enters the glottic opening, a well-defined circumscribed glow can readily be seen in the anterior neck, slightly below the thyroid prominence, whereas the glow from the oesophagus is very dull and diffuse. 10, 11 This helps to ensure that the ETT enters the trachea and not the oesophagus.
Lightwand-guided intubation, first described by Yamamura et al. in 1959, 12 has been demonstrated to be a simple, safe and effective technique, particularly for patients with difficult airways. 13 -16 Although the overall success rates for lightwand intubation are very satisfactory and relatively consistent (ranging between 97.9 and 100%), the success rate on the first attempt and the speed of intubation are variable (between 72 and 92%, and 15.7 and 124.3 s, respectively). 14 -18 To improve the success rate and speed of lightwand-guided intubation, the distal end of the lightwand should be bent at an appropriate length. Djordjevic 19 suggested that the bent length of the lightwand should be related to the estimated distance between the back of the pharynx and the vocal cords. 
There are, however, no reliable methods to measure this distance. In clinical practice, some practitioners prefer to determine the bent length of the lightwand according to the individual's thyroid prominence-tomandibular angle distance (TMD) or thyroid prominence-to-incisor distance (TID), to ensure a smooth lightwand intubation. 20, 21 Nevertheless, our experience suggests that it may be inconvenient to measure the TID or TMD in every patient during clinical practice. Moreover, others have recommended that the lightwand should be bent just proximal to the cuff, for a cuffed tracheal tube. 22, 23 This means that, if the conventional gender-determined method is used as the tracheal tube selection criterion, the proper bent length of a lightwand should be based on the patient's gender only, because one standard size tube is used for males (internal diameter [ID] 7.5 mm) and another for females (ID 7.0 mm). Intuitively, this method is a simple intubation strategy. There is, however, a lack of comparative research to assess the safety and efficacy of gender-based bent length.
The present study aimed to test the hypothesis that gender-based bent length is more suitable for lightwand-guided intubation than TID or TMD, and also aimed to compare the effects of these different clinical strategies for determining the bent length (i.e. gender, TMD and TID) on success and duration of lightwand-guided intubation.
Patients and methods

STUDY POPULATION
This was a prospective, randomized and blinded study, which has been registered (UMIN000005509). Ethical approval was obtained from the Ethics Committee of Southwest Hospital, Third Military Medical University, Chongqing, China. Written informed consent was obtained from all participants.
Consecutive patients undergoing elective surgery, requiring general anaesthesia and orotracheal intubation, at the Southwest Hospital, Third Military Medical University, between April and September 2011, were enrolled into this study. Each patient's physical status was evaluated by the standard physical status classification system of the American Society of Anesthesiologists (ASA), 24 the day before surgery. According to a computer-generated randomization schedule, patients with ASA physical status 1 or 2 were randomly allocated into one of three groups: group A, where bent length was determined based on gender; group B, where bent length was based on TMD; and group C, where bent length was based on TID.
Exclusion criteria included: history of difficult intubation; airway abnormality; limited head-neck movement; oral or vocal cord surgery; major surgery including cardiovascular, gastrointestinal, neurosurgical or transplantation surgery; possibility of pregnancy; age < 18 or > 80 years; pre-existing coma or hoarseness.
TMD AND TID MEASUREMENTS
Airway parameters were measured by an independent observer on the day before surgery. With the patient in the supine position, three vertical lines through the thyroid prominence (labelled 'T line'), mandibular angle (labelled 'M line'), and upper incisor (labelled 'I line') perpendicular to the operating table were drawn on the patient with a marker pen ( Fig. 2 ). Distances between the T and M lines (i.e. the TMD), and the T and I lines (i.e. the TID) were measured in centimetres, using a standard ruler. Measurements of the patient's bilateral TMD and TID were performed, and the J Chen, W Luo, E Wang et al.
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means of these two values for each patient were taken as the final TMD and TID values. Other airway information, which was assessed with the patient in a semisitting position, included: the modified Mallampati score (classified as: 1, soft palate, fauces, uvula and pillars visible; 2, soft palate, fauces and uvula visible; 3, soft palate and base of the uvula visible; 4, soft palate not visible at all). 25 Patient demographics (such as age, sex, height and weight) were also noted.
BENT LENGTH OF LIGHTWAND INTUBATION
Lightwand intubations were conducted using the Light Wand™ Orotracheal Lighted Stylet (Vital Signs, Totowa, NJ, USA). The stylet was loaded onto a reinforced ETT (Xinxiang Tuoren Medical Instruments, Xinxiang, Henan, China) of the appropriate size, chosen based on the patient's gender: ID of 7.0 mm and 7.5 mm for female and male patients, respectively. The length of the lightwand was adjusted by sliding the lightwand along the handle; the location of the light bulb was close to, but not protruding beyond, the tip of the ETT. The distal end of the stylet-ETT combination unit was bent at a 90° angle in the shape of a hockey stick (Fig. 1A) , and the bent length was measured from the tip of the ETT to the FIGURE 2: Measurements of the thyroid prominence-to-mandibular angle distance (TMD) and the thyroid prominence-to-incisor distance (TID) were performed with the patient in the supine position in the present evaluation of the effect of intubation success following different bent lengths of a lightwand (a malleable illuminating stylet). Three vertical lines are shown through the thyroid prominence, mandibular angle and upper incisor perpendicular to the operating table, labelled 'T line', 'M line', and 'I line', respectively. Distances between the T and M lines (TMD), and between the T and I lines (TID) were measured bilaterally. The TMD and TID were calculated as the mean of two TMD and TID measurements T Line M Line TMD TID I Line Comparison of lightwand bent length for intubation right angle. In group A, the lightwand was bent just proximal to the cuff of the ETT, which meant that the bent length was 6.0 cm with the ID 7.0 mm tube (for females) and 6.5 cm with the ID 7.5 mm tube (for males). In groups B and C, the stylet was bent at a length based on the actual measured values of the patient's TMD or TID, respectively. All ETTs were lubricated with 10% lidocaine gel before use.
LIGHTWAND INTUBATION PROCEDURE
All patients were fasted for ≥ 8 h before surgery and no premedication was given. On arrival in the operation room (before induction of anaesthesia), routine monitoring was set, including: electrocardiography; noninvasive blood pressure; pulse oximetry; capnography. After preoxygenation, general anaesthesia was induced intravenously (i.v.) with 3 µg/kg fentanyl, 0.05 mg/kg midazolam and 2 mg/kg propofol. ETT intubation was facilitated by administration of 0.1 mg/kg vecuronium bromide i.v.; face-mask ventilation with 100% oxygen was established until the muscle relaxant was fully effective. Lightwand intubation was performed as described previously. 14, 23 Briefly, each patient was placed in a supine position, with the head and neck maintained in a neutral or slightly extended position with a pillow under the shoulders, and the epiglottis was lifted with a simple jaw-lift manoeuvre during intubation. One anaesthesiologist (blinded to the study protocol) bent the stylet-ETT unit at the previously determined length, according to the patient's assigned group, and inserted the device into the patient's mouth without turning on the bulb. Room lights were dimmed. All intubation procedures were performed by one of the authors (J.C.) who was blinded to the bent length. The lightwand bulb was switched on and intubation was started. Once tracheal placement was confirmed by capnography, the ETT cuff was inflated until no gas leak was noted at 30 cmH 2 O inspiratory pressure.
A maximum of two attempts at lightwand intubation was allowed for each intubating technique and the patient was ventilated with oxygen by mask between each attempt. The intubation attempt was stopped if the oxygen saturation (SpO 2 ) fell to < 95% or if the elapsed time since the beginning of intubation was > 120 s; these were considered to be failed attempts. If oesophageal intubation occurred, the procedure was also deemed to be a failed attempt. After two failed attempts with the lightwand intubation, conventional direct laryngoscopic intubation or laryngeal mask airway intubation was conducted. The duration of each attempt was defined from the moment of turning on the lightwand until the time the device was removed from the oral cavity. Failed intubation was defined by the inability to place the ETT correctly after two attempts. Patients with failed intubation were not included in the analysis.
After tracheal intubation, the following data were collected by a blinded observer: number of intubation attempts; intubation time; frequency of oesophageal intubation; lip or dental injury; hypoxia (SpO 2 < 95%). Mean arterial blood pressure (MAP) and heart rate were recorded before anaesthesia induction (baseline, T 0 ) and every minute for the first 3 min following successful intubation (T 1 , T 2 and T 3 , respectively). At the conclusion of surgery and anaesthesia, the ETT was removed according routine extubation methods. 26 
EVALUATION OF POSTOPERATIVE COMPLICATIONS
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anaesthesiologist who was blinded to the study protocol (E.W.) assessed the incidence and graded the severity of sore throat (classified as: 'none', no sore throat; 'mild', less severe than having a cold; 'moderate', similar to a cold; 'severe', more severe than a cold), hoarseness (classified as: 'none', no hoarseness; 'mild', noticed by the patient; 'moderate', obvious to the observer; 'severe', aphonia) and dysphagia (classified as: 'none', no dysphagia; 'mild', painful with certain foods; 'moderate', painful with all food and drink; 'severe', unable to swallow own secretions). 27 Oral mucosal trauma and dental injury were also examined (classified as present or not present).
STATISTICAL ANALYSES
Based on preliminary data for the incidence of failed intubation, a total sample of 210 subjects was found to be sufficient to achieve 80% power to detect differences with a type I error of 0.05 (two-tailed) and a type II error of 0.2. Assuming the potential for patients to drop out of the study, the total sample size was increased to 246 patients.
Statistical analyses were performed with SPSS ® software, version 17.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . The time spent on intubation and the number of successful attempts among the three groups were analysed by one-way analysis of variance (ANOVA) and post hoc tests. Sideeffects and complications among groups were analysed by using the χ 2 -test or Fisher's exact test, as appropriate. Heart rate and blood pressure values were tested using repeated-measures ANOVA. All values were reported as mean ± SD, absolute number (n), or percentages. A P-value < 0.05 was considered to be statistically significant.
Results
A total of 246 patients were recruited. Patient numbers per group and patient characteristics and airway variables are presented in Table 1 . No statistically significant differences were detected between the groups with respect to demographic characteristics, TID, TMD and Mallampati scores.
Intubation data are summarized in Table  2 . All patients in all groups were successfully intubated except for one patient in group C, who was excluded due to failure to intubate after two attempts ( Table 2) ; all analyses and data (except the intubation success rate shown in Table 2 ) were calculated excluding this one patient. Most intubations were successful at the first attempt; only seven patients overall required a second attempt for a successful insertion. There were no statistically significant differences between the three groups for overall intubation and first-attempt success rates. Although the mean number of attempts required for successful intubation was similar between the groups, the mean intubation times in the total group, and in male and female patients, were both significantly shorter in group A than in groups B or C (males, P < 0.01 versus groups B and C; females, P < 0.01 versus group B and P < 0.001 versus group C; combined, P < 0.001 versus groups B and C; Table 2 ).
There was a close relationship between the bent length and the mean intubation time ( Table 3 ). The shortest time of intubation was observed in patients when the bent length was 6.0 -6.9 cm. There was a significant increase in the mean intubation time (approximately 14 s in males and approximately 7 s in females) when the bent length was reduced from 6.0 -6.9 cm to 2.0 -3.9 cm (P < 0.05). When the bent length was increased from 6.0 -6.9 cm to 9.0 -9.9 cm, the increase in mean intubation time was both large and J Chen, W Luo, E Wang et al.
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statistically significant (> 40 s; P < 0.05). With regard to the first-attempt intubation success rate, there was no significant difference between the bent length ranges 6.0 -6.9 cm and 2.0 -5.9 cm, but there was a significant drop in success rate when the bent length was increased to 7.0 -9.9 cm (P < 0.05; Table  4 ).
Side-effects and postoperative complications are shown in Table 5 . The incidence and severity of sore throat, hoarseness and dysphagia were similar among the three groups. No damage to the major soft tissue or dental damage was noted in any patient. One patient from group B and two patients from group C experienced oral mucosal or lip injury during intubation.
There were no significant differences in MAP and heart rate among the three groups within each time period (Table 6 ). In comparing heart rate at different times with the baseline values (T 0 ), statistically significant decreases were seen in groups B and C at T 3 , whereas a slight increase was observed in group A at T 1 (P < 0.05, all comparisons). Compared with baseline (T 0 ), MAP decreased significantly at T 3 in all groups (P < 0.01, all comparisons), whereas a smaller, though still statistically significant, ; group B) , or thyroid prominence-to-incisor distance (TID; group C)
TABLE 1: Demographic and airway characteristics at study entry amongst the Chinese patients who underwent intubation using a lightwand during elective surgery, with randomization to lightwand bent length based on gender (group A), thyroid prominence-to-mandibular angle distance (TMD
Characteristic
Group 
J Chen, W Luo, E Wang et al. Comparison of lightwand bent length for intubation
decrease in MAP was observed in groups B and C at T 2 (P < 0.05, both comparisons).
Discussion
The proper shape (bent length and angle) of a stylet is important for successful intubation. 21, 28, 29 To achieve a smooth lightwand intubation, the tip of the stylet-ETT unit should be close to the tracheal opening and a 90° angle bend is required to provide relatively clear transillumination through the skin of the neck. 20, 30 With the patient in the supine position, the glottic chink is near the thyroid prominence, the upper incisor and the inferior margin of the palatum molle are in the same vertical line, and the mandibular angle is close to the tongue base in the sagittal plane. Thus, the TID and TMD are usually used to represent the estimated distance between the glottis and the palatum molle and between the glottis and the tongue base, respectively. Thus, patients' TIDs or TMDs are often applied as indicators for the selection of the proper bent length of the lightwand in clinical practice. 31, 32 Chen et al. 21 reported that the appropriate bent length should be longer than the individual's TMD, and that the difference between the bent length and the TMD (∆BL-TMD) should be kept within an acceptable range. Nevertheless, they had difficulty in finding any available method to estimate the ∆BL-TMD length reliably in a given patient. Thus, Chen et al. 21 recommended that a bent length close to the individual's TMD should be chosen for clinical practice. In contrast, the present study demonstrated that the patient's TID and the TMD were of limited value in predicting an appropriate bent length, and that gender-based recommendations may be a better clinical strategy. Although the three patient groups in the present study were similar in terms of overall total intubation success rate and number of insertion attempts, the mean intubation times in patients from group A (in which the bent length of the stylet-ETT unit was determined based on standard practice for gender) was significantly shorter Data presented as mean ± SD or number (%) of patients. a Failed intubation defined as: oxygen saturation < 95%; intubation taking > 120 s to perform; occurrence of oesophageal intubation. b Intubation success rate: calculated using total randomized number of patients in group C (n = 89), including the one patient in whom intubation failed after two attempts. **P < 0.01 and ***P < 0.001 compared with group A; one-way analysis of variance. than that for the other two groups. A possible explanation is that the bent length of the stylet-ETT unit was too long or short according to the TID or TMD, respectively, for lightwand intubation. If the length is too long, the insertion of the stylet-ETT unit is limited by the space in the oral cavity, and it is difficult to keep the unit aligned with the midline and advance the ETT into the trachea through the oropharyngeal-tracheal angles. When the bent length is too short, the tip of the stylet-ETT unit is barely advanced into the appropriate position, although the bright-red glow can be seen in the midline. In conclusion, the present study supported the idea that the optimal bent length should be shorter than the TID and longer than the TMD. TMD; group B) , or thyroid prominence-to-incisor distance (TID; group C) J Chen, W Luo, E Wang et al.
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A close relationship between the bent length and the mean intubation time was found, with the shortest intubation time occurring when the bent length was 6.0 -6.9 cm (i.e. the bent lengths used in group A). Although there was a statistically significant increase in mean intubation time with the shorter bent length, in experienced hands the difference was of no clinical significance. The longer the bent length, however, the longer the intubation time and this was clinically significant. Additionally, there were more first-attempt intubation failures with longer bent lengths (≥ 7.0 cm) than in the lower bent length ranges. This may be explained by the fact that a series of manoeuvres (including neck flexion, head extension, jaw lifting and rocking or scooping movements) of the stylet-ETT unit can help to overcome the limitations of a short bent length to advance the ETT into the trachea, so there is no significant adverse influence on the success rate of lightwand intubation. In contrast, an overly long bent length is very likely to lead to failed intubation, such as an oesophageal intubation. Thus, we concluded that the optimal bent length that is suitable for most patients is in the range of 6.0 -6.9 cm, and that a smaller bent length should be used in patients if the first intubation attempt is unsuccessful.
There were no significant differences among the three groups with respect to changes in haemodynamic parameters during the intubation period or in the incidence of side-effects and complications. MAP fell to between about 90% and 85% below baseline and remained below baseline throughout the 3-min recording period. Changes in heart-rate response after intubation were well within acceptable ranges and arterial oxygen saturation was well maintained throughout the intubation procedure. No trauma associated with lightwand-guided intubation was observed.
There were some limitations to the present study that might prejudice the findings. First, due to the impact of environmental and population-based characteristics, the mean height and weight of the enrolled patients were, compared to worldwide studies, relatively low. Thus, the application of the findings could be limited. Secondly, the J Chen, W Luo, E Wang et al.
number of patients included in the study was relatively small. Further multicentre, randomized, controlled clinical trials of lightwand-guided intubation in larger groups of patients are needed.
In conclusion, to the best of our knowledge, this is the first comparative study to evaluate the effect of different bent lengths, based on different bend criteria, on the efficiency and safety of lightwand-guided intubation. The results indicate that the intubation time (rather than the success rate) of lightwand intubation is improved by applying the simple and convenient genderbased method for selecting the bent length of the lightwand. Thus, a bent length chosen based on standard practice for the patient's gender is a reasonable and convenient alternative to TID-and TMD-based bent length selection. The optimal bent length was in the range of 6.0 -6.9 cm for most patients.
